In the frame of a non-standard scale relativity model, the specic momentum, states density and internal energy conservations laws are obtained. The chaoticity, either through turbulence in the fractal hydrodynamics approach, or through stochasticization in the Schrödinger type approach, is generated only by the non-dierentiability of the movement trajectories of the complex uid entities. Using the conservation laws mentioned above, by numerical simulations, hysteretic type eects (dynamics of hysteretic cycles) occur.
Introduction
Fluids with non-linear viscous behaviors, as well as viscoelastic materials are complex uids. A great variety of materials are categorized as complex uids: colloidal uids, polymers (elastomers, thermoplastics and composites), biological uids (DNA, proteins, cells, dispersions of biopolymers and cells, human blood), foams, emulsions, gels, suspensions, micelar and liquid-crystal phases, molten materials. In this case the uids do not obey to the hydrodynamic laws [13] .
The dynamics of the complex uid entities represent an interesting topic. Friction causes loss of energy. This phenomenon can be explained through a nonlinear function depending not only on normal forces but also on velocity. The main element in such a system is ow restriction caused by the accumulation of component entities. At low temperatures and high densities, the complex uid * corresponding author; e-mail: m.agop@yahoo.com entities rearranges causing irregular intervals of solid-like behavior followed by stress relaxation. Any small displacement of a single particle as well as any innitesimal stress increase can cause transition from a stable state to a uid-like behavior. Consequently, this type of dynamics becomes highly nonlinear in the surrounding nature [4] .
Correspondingly, theoretical models of dynamics in complex uids can become sophisticated and ambiguous [13] . However, such situation can be standardized if we consider that complexities in interaction processes impose various time resolution scales while the evolution pattern leads to dierent freedom degrees [58] .
To develop a theoretical model we have to admit that complex uids with chaotic behaviour can achieve self--similarity (space-time structures can appear) associated with strong uctuations at all possible space-time scales [58] . Then, for time scales that prove to be larger if compared with the inverse of the highest Lyapunov exponent, the deterministic trajectories are replaced by a collection of potential routes. In its turn, the concept of denite positions is replaced by that of probability density [912] . A most impressive example in this respect refers to collision processes in complex uid. Here, the (663) dynamics of the entities can be described through the non-dierentiable curves [911] .
Since non-dierentiability appears as a universal property of complex uids, it is necessary to create a non--dierentiable physics of complex uids. Under such circumstances, if we consider that the complexity of interactions in the dynamics of complex uids is replaced by non-dierentiability, it is no longer necessary to use the whole classical arsenal of quantities from standard physics (dierentiable physics) [13] .
This topic was developed in [13, 14] using both the scale relativity theory (SRT) [10, 11] and non-standard scale relativity theory (NSRT) [1529] . According to SRT or NSRT, the dynamics of complex uids entities takes place on continuous but non-dierentiable curves (fractal curves), so that all physical phenomena involved depend not only on space-time coordinates but also on space--time scale resolution. That is why physical quantities describing the dynamics of complex uids can be considered as fractal functions [10, 11] . Moreover, according to geodesics in a non-dierentiable (fractal) space, the complex uid entities may be reduced to and identied with their own trajectories (i.e. their geodesics) so that the complex uids should behave as a special uid lacking interactions fractal uid [10, 11] .
In the present paper various theoretical aspects of complex uid dynamics (patterns generation, hysteretic behaviours, etc.) were analyzed using the NSRT.
Motion equation via non-dierentiability
We can simplify the dynamics of a complex uid supposing that the complex uid entities move on continuous but non-dierentiable curves, i. 
is the complex velocity, V D is the dierentiable and resolution scale independent velocity, V F is the non--dierentiable and resolution scale dependent velocity, V · ∇ is the convective term,
is the dissipative term, D F is the fractal dimension of the movement curve, λ is the space scale, τ is the time scale and λ 2 /τ is a specic coecient associated to the fractal-non-fractal transition. For D F any denition can be used (the HausdorBesikovici fractal dimension, the Kolmogorov fractal dimension, etc.
[911]), but once accepted such a denition for D F , it has to be constant over the entire analysis of the complex uid dynamics. In a particular case, for motions on the Peano curves, D F = 2
[911] of the complex uid entities, the fractal operator
where D N = λ 2 /τ is the Nottale coecient associated to the fractal-non-fractal transition.
Applying the fractal operator (1) to the complex speed (2) and accepting the principle of scale covariance [10, 11] in the form
we obtain the motion equation
It means that at any point of a fractal path, the local acceleration term, ∂ tV , the non-linear (convective) term, (V · ∇)V , and the dissipative term, (λ 2 /τ )( dt/τ ) (2/DF)−1 ∆V , make their balance. Therefore, the complex uid is assimilated to a rheological uid, whose dynamics are described by the complex velocities eld,V , complex acceleration eld, ∂ tV , etc. and by the imaginary viscosity type coecient,
The rheology of the uid can provide hysteretic properties to the complex uid (the complex uid has a hysteresis cycle, memory, etc. [28] ).
Chaoticity via non-dierentiability
For irrotational motions of the complex uid entities
we can chooseV of the form
where ϕ ≡ ln ψ is the velocity scalar potential. By substituting (7) in (5) and using the method described in [28] , it results that
This equation can be integrated in a universal way and
up to an arbitrary phase factor which may be set to zero by a suitable choice of the phase of ψ. For motions of the complex uid entities on the Peano curves, D F = 2 [9] at the Compton scale λ 2 /τ = /2m 0 [10, 11] , with the reduced Plank constant and m 0 the rest mass of the complex uid entities, the relation (9) becomes the standard Schrödinger equation
with
√ ρ the amplitude and S the phase of ψ, the complex velocity eld (7) takes the explicit form
By substituting (10) (12) in (5) and separating the real and the imaginary parts, up to an arbitrary phase factor which may be set at zero by a suitable choice of the phase of ψ, we obtain
with Q the specic fractal potential
Equation (13) represents the specic momentum conservation law, while Eq. (14) represents the states density conservation law. Through the fractal velocity, V F , the specic fractal potential Q is a measure of non--dierentiability of the complex uid entities trajectories,
i.e. of their chaoticity. Equations (13)(15) (iii) any interpretation of Q should take cognizance of the self or internal nature of the specic momentum transfer. While the energy is stored in the form of the mass motion and potential energy (as it is classically), some is available elsewhere and only the total is conserved. It is the conservation of energy and specic momentum that ensures reversibility and the existence of eigenstates, but denies a Brownian-motion [9] form of interaction with an external medium; (iv) for the Peano curves motions of the complex uid entities at spatial scales higher than the dimension of the boundary layer and at temporal scales higher than the oscillation periods of the pulsating velocities which overlaps the average velocity of the complex uid motions (for details see [13] , the FHM reduces to the standard hydrodynamical model [30] ). We remind that, in this approximation of motion and for a special complex uid type, ∇Q = −∇ σ/ρ, with σ is the internal stress tensor type. In particular case, σ can be put in correspondence with the pressure p; 
A numerical simulation
In the following, using (13), (14) and (15) with ∇Q = ∇p/ρ, we analyze the dynamics of the complex uid in a plane symmetry. The presence of an external perturbation is specied by adequate initial and boundary conditions (e.g. spatio-temporal Gaussian). In this situation, let us introduce the normalized coordinates
where ω, k, and ρ 0 are critical parameters of the complex uid (for details see [13] ).
Then, Eqs. (13) and (14) become
For the numerical integration we shall impose the initial
as well as the boundary conditions
By using the nite dierences method [31] , the system (17ac) with the initial conditions (18ae) and the boundary ones (19ag) was numerically resolved.
In Fig. 1a ,c,e three-dimensional dependences of the normalized density N , normalized velocities, V ξ and V η , on the normalized coordinates, ξ and η are given for the normalized time τ 0 = 0.65. Also in Fig. 1b,d ,f the two--dimensional contour of the normalized density N , normalized velocities, V ξ and V η , are given for the same nor- In our opinion, the patterns generation is a consequence of the self-structuring in complex uids [13, 3234] .
Hysteretic type behaviours via non-dierentiability
Applying the fractal operator (1) to the internal energy per unit volume, ε, and adopting the principle of scale covariance [10, 11] , we obtain the internal energy per unit volume conservation law 
For the types of movements mentioned in Sect. 4, separating the real part from the imaginary one in Eq. (20),
we shall obtain
One can notice that, although there is internal energy per unit volume transport at dierentiable scale, a similar phenomenon (convection transport) at fractal scale occurs.
Let us reconsider Eqs. (13), (14) and (21) in a plane symmetry for ∇Q = ∇p/ρ and let us assume that the variation of p is induced by the variations of internal energy per unit volume and states density, ∇p = ν∇(ρε), with ν = const.
Then, in dimensionless variables, ωt = τ, kx = ξ, ky = η,
Eqs. (13), (14) and (21) become
where the functional scaling relation, νk 2 /ω 2 = 1, was considered. In Eqs. (23f,g) and (24)(27) ρ 0 and ε 0 correspond to equilibrium density and equilibrium internal energy per unit area of the complex uid. For numerical integration, we consider the initial conditions,
and the boundary ones,
In the boundary condition (29m,o) we assumed that the perturbation has a space-time Gaussian prole, N 0 is the maximum normalized states density and Θ 0 is the maximum normalized internal energy per unit volume.
Equations (24) (27) with the initial conditions (28ae)
and the boundary ones (29ap) were numerically integrated via nite dierences [31] . By means of numerical solutions in Fig. 2al the three-dimensional dependences and two-dimensional contour of the normalized states density N (a,b), normalized internal energy per For the same ξ, such a tendency is more emphasized for small η (Fig. 3d hysteresis cycle) , while for bigger η it vanishes ( Fig. 3f absence of hysteresis cycle).
Conclusions
The main conclusions of the present paper are as follows: i) assuming that the particle movements of a complex uid occur on continuous but non-dierentiable curves, the specic momentum, states density and internal energy conservation laws are obtained; can obtain hysteresis type eects for various given positions (dynamics of hysteresis cycles).
